ABSTRACT Radiographic changes in 342 Quebec asbestos miners exposed to low levels of asbestos dust for an average period of 20 years were studied. Their estimated cumulative exposure ranged from 7 fibres per cubic centimeter x years (f-y/cc) to 300 f-y/cc. Of these workers, 2 1 % showed a small opacity score of 1/0 or more and 2-7% showed pleural changes. No linear relationship could be established between small opacity score and any index of exposure to asbestos. Pleural changes were related to age.
Numerous studies on asbestos related diseases have improved our understanding of the pathogenesis of the various mineralogical types of asbestos and shown the influence of the different stages of processing of the fibre.' Qualitative associations between exposure to asbestos and type of disease have been established, and some quantitative relationships between indicators of exposure and biological response have been built up.2 There is still, however, a need for studies which could help in evaluating the preventive potential of present hygiene standards' 3-that is, studies of populations exposed to low concentrations of asbestos dust for a long time. An opportunity arose to study radiographic changes in a group of Quebec chrysotile miners, whose estimated cumulative exposure ranged from 7 fibres per cubic centimeter x years (f-y/cc) to 300 f-y/cc and whose exposure had started between 27 and 10 years ago. We report the results of the study.
Methods

POPULATION
The company under study has operated a mining complex in the region of Thetford Mines since 1958.
From its inception dust control has been a priority and improvements in methods of control have been made regularly. All male workers (682) first employed at the company between the beginning of construction (1954) and the end of 1969 and whc4 had accumulated at least five years of exposure were listed. All workers who had spent more than six months in another asbestos mine or factory or who had worked for more than one year in another nonasbestos mine were excluded. Of the 394 remaining workers, 82 had left the company in 1979 or before and 30 of them agreed to participate in the study, giving a total study group of 342 (table 1) Other variables such as date of birth, medical antecedents, and smoking habits were derived from the medical records kept at IMIT, and were updated for those workers who had left the mine.
RESULTS
Of the 342 radiographs, 331 were read by all five readers (1 1 films of poor quality were rejected). The prevalence of small irregular opacities 1/0 or more was 2-7%, 1-2%, 30O%, 3-6%, and 24.0% for the five readers. Reader 5 was clearly outside the range group.bmj.com on July 7, 2017 -Published by http://oem.bmj.com/ Downloaded from Radiographic changes in chrysotile miners and millers exposed to low asbestos dust concentrations cally significant association (p < 0-001) between small opacity score, smoking habits, and average fibre exposure (p < 0.05), and an association between pleural change and age (p < 0-001). Table 5 shows the prevalence of small opacities (1/0 or more) as read by reader 5 according to smoking habits and average fibre exposure. The prevalence changes according to smoking habit and rises sharply above an average exposure of 10 f/cc.
Discussion
In our group of 331 chrysotile miners and millers we recorded a prevalence of 2-1 % for small irregular opacities of grade 1/0 or more and 2-7% for pleural changes from a pool of four readers who provided similar prevalence figures. These values were respectively 24-0% and 8-8% according to a fifth reader whose results were therefore analysed separately. Analysis of the association between exposure indices and radiological changes as ascertained by the first four readers provided essentially negative results. Indeed the frequency of radiological changes showed no statistically significant or increasing trends with duration of exposure, time since first exposure, level of exposure, or cumulative exposure. 10-27 y 20-3 y 2-1% 388 study of Quebec miners exposed to higher concentrations for a shorter time,6 of a 2% risk of radiographic changes after exposure to less than 300 f-y/cc in the mining industry. This agrees well with what was found in an asbestos-cement factory. To our knowledge, no studies have compared the prevalence of radiological changes between groups of exposed and non-exposed workers, using readings of the same pool of readers. To provide some information on this point, we included in the study a group of 29 office workers from other mines. This referent group was believed not to have worked in a dusty environment and had an age distribution similar to that of the exposed workers. These 29 workers, together with the 19 office workers of Lake Asbestos, formed a total referent group of 48 workers. Of this group, one had a small opacity score of 1-54 and another showed pleural changes. This gives a prevalence of 2*1 % for both small irregular opacities and pleural changes among office workers, which is close to the overall prevalence in the exposed group. The fifth reader recorded 13 small opacities (1/0 or more) among the 48 office workers (27.1%) and four pleural changes (8.3%), which again is close to his overall prevalence in the exposed group. The proportion of smokers among the office workers was slightly lower than in the exposed group (31% v 47%).
